DESCRIPTION 



POLY AMIDE FILM PRODUCTION METHOD 

TECHNICAL FIELD 

The present invention relates to a polyamide film 
production method which ensures stable high-speed production 
of a stretched polyamide film and, particularly, to a 
polyamide film production method which is characterized by 
a molten sheet cooling and solidifying process to be performed 
after a molten polyamide resin is extruded from a die. 
BACKGROUND ART 

In production of an unstretched sheet of a polyamide 
resin by a T-die method, a molten sheet extruded from a die 
is pressed against the surface of a rotary cooling roll (CR) 
called ''casting roll" for cooling and solidification thereof . 

For the pressing of the molten sheet against the CR, 
air is evenly blown along the width of the molten sheet by 
means of an air knife apparatus (hereinafter referred to as 
"air knife method"). Alternatively, an electrostatic 
adhesion method is employed in which electric charges are 
generated on the molten sheet by a high voltage electrode to 
cause the molten sheet to electrostatically adhere on the CR. 

In the air knife method, adhesion between the molten 
sheet and the CR is weak. Therefore, the air knife method 
cannot be applied to a resin such as a polyester resin which 



undergoes a greater volume reduction during solidification 
thereof with a greater shrinkage factor, because a sheet of 
such a resin is liable to be dislodged from the surface of 
the CR. On the contrary, the air knife method can be applied 
to the polyamide resin. 

In the air knife method, an air stream pressure 
associated with the rotation of the CR and a component of a 
melt tension are exerted on points of contact between the 
molten sheet and the CR, so that a lifting force acts on the 
molten sheet. Air is blown over the molten sheet on the CR 
surface to apply an air pressure against the lifting force 
by the air knife. However, a very small amount of air is 
trapped between the molten sheet and the CR thereby to form 
a thin air layer therebetween. In general, a sheet of a 
high-crystallinity polyamide resin is cooled at different 
cooling rates and, hence, has different crystallinities 
depending on the thickness of the air layer. The uniformity 
and stability of the crystallinity of the sheet are most 
important for controlling the stretching performance and 
operability of a high-speed stretched film production line. 

Where a sheet production speed is relatively low, the 
air layer has a uniform thickness with little variation along 
the width of the sheet. Where the sheet production speed is 
increased, however, there is a disadvantage such that the air 
layer is not uniformly formed between the molten sheet and 
the CR surface. Since air is nonuniformly trapped between 



the molten sheet and the CR surface, there are greater 
variations in the thickness of the air layer, resulting in 
formation of spots. This phenomenon is particularly 
remarkable in edge portions of the sheet. 

The spots formed in the edge portions of the sheet 
seriously hinder high-speed sheet feeding in the subsequent 
process. Particularly in a water absorption process, spots 
swelled by water absorption in the unstretched sheet hinder 
the sheet from passing straight in a hot water bath. This 
causes the sheet to meander and wrinkle, so that the sheet 
cannot properly be subjected to a water immersing process. 
As a result, high-speed production cannot be achieved. 

Further, the spots formed in the edge portions of the 
sheet affect the stretching of the sheet in a stretching 
process . Where the crystallinity of the edge portions of the 
sheet is excessively low, the sheet is liable to be broken 
around the edge portions thereof when the stretching process 
is performed with the edge portions being held by tenter clips . 
This results in an increase in breakage frequency, which is 
a serious problem for the production process. This reduces 
the yield of the product film, and deteriorates the physical 
properties (e.g., thickness uniformity, surface smoothness 
and shrinkage) of the resulting stretched film. 

Where the electrostatic adhesion method is applied to 
the polyamide resin, electric charges are transferred to the 
T-die and the CR because the molten polyamide resin has a high 
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electric conductivity. In the high-speed sheet production, 
high-amperage electric discharge is required for the molten 
sheet to have residual electric charges sufficient to 
generate a Coulomb force for adhesion to the CR. However, 
the electrode has a limited electric discharge capacity, so 
that the electrostatic adhesion method poses a limitation to 
the sheet production speed. 

Where the electrostatic adhesion method is employed 
for the production of the polyamide resin sheet, the breakage 
of the sheet frequently occurs in the stretching process . The 
cause of the sheet breakage is not clarified, but the sheet 
breakage is supposedly caused by a damage to the sheet due 
to local electric discharge, and by unstable water absorption 
and stretching behavior attributable to an extremely low 
crystallinity of the sheet due to abrupt cooling of the molten 
sheet on the CR without the intervention of an air layer 
between the sheet and the CR. 

As described above, the prior art fails to provide a 
satisfactory film production method which ensures 
industrially stable high-speed production of a stretched 
polyamide film. 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a film production method in which an unstretched polyamide 
sheet having a moderate and uniform crystallinity is produced 
to ensure stable high-speed sheet feeding in the subsequent 



process thereby to industrially produce a stretched polyamide 
film having uniform physical properties at a high speed with 
a high productivity. 

As a result of intensive studies for achieving the 
aforesaid object, the inventors of the present invention have 
found that an unstretched sheet having a moderate and uniform 
crystallinity can be produced by controlling the widthwise 
distribution of the average thickness of an air layer present 
between a CR surface and a molten sheet in the air knife method, 
whereby a stretched polyamide film having uniform physical 
properties can stably be produced at a high speed. 

In accordance with the present invention, there is 
provided a polyamide film production method, which comprises 
the steps of: extruding a molten polyamide resin from a die 
into a sheet form on a rotary cooling roll having a roughened 
surface; pressing the sheet against the surface of the cooling 
roll with the intervention of an air layer between the cooling 
roll and the sheet by blowing air on the sheet from an air 
knife apparatus for cooling the sheet, the air layer having 
a widthwise thickness distribution such that an average air 
layer thickness Te in lateral edge regions of the sheet is 
greater than an average air layer thickness Tc in a middle 
region of the sheet; and biaxially stretching the sheet. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for explaining a polyamide film 
production method according to one embodiment of the present 



invention; 

Fig. 2 is a side view for explaining a sheet production 
method employing an air knife method in accordance with the 
present invention; 

Fig. 3 is schematic diagram for explaining an average 
air layer thickness and a maximum air layer thickness in 
accordance with the present invention; and 

Fig. 4 is a diagram illustrating the widthwise 
distribution of the average thickness of an air layer present 
between a cooling roll and a sheet in accordance with the 
present invention. 
EMBODIMENT OF THE INVENTION 

The present invention will hereinafter be described 
in detail. 

Fig. 1 is a process diagram for explaining a common 
method for production of a stretched polyamide film. 

First, material resin pellets (polyamide resin 
pellets) are supplied into a hopper 1, and melted in an 
extruder 2 for plasticization thereof. The molten polyamide 
resin is extruded from a T-die 3 attached to a distal end of 
the extruder 2 , and cooled on a CR 4 for solidification thereof . 
The resulting sheet is passed through a water absorption 
process section 5 and then through a stretching process 
section 6 thereby to be stretched biaxially (i.e., 
longitudinally and transversely). Then, the stretched 
polyamide film is wound up as a product film 7 . 
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Fig. 2 is a side view for explaining a sheet production 
method employing an air knife method in accordance with the 
present invention . 

A molten polyamide sheet 8 is extruded from the T- 
die 3 onto the surface of the CR 4 . The molten polyamide sheet 
8 is pressed against the surface of the CR 4 by applying an 
air pressure thereto from an air knife apparatus 9 thereby 
to be cooled for solidification thereof. Air taken into the 
air knife apparatus by a high pressure blower passes between 
baffle plates and is blown from slit gaps along the width of 
the molten sheet. 

Fig. 3 is schematic diagram for explaining the average 
thickness and maximum thickness of an air layer present 
between the molten sheet and the CR in accordance with the 
present invention. A very small amount of air 10 is trapped 
between the surface of the CR 4 and the molten sheet 8, so 
that the molten sheet 8 is partly brought into point contact 
with the CR 4 at random. An average air layer thickness T 
herein means the average of the heights of trapped air bubbles 
arranged in a sheet feeding direction (or longitudinally of 
the sheet), and a maximum air layer thickness Tmax herein 
means the greatest one of the heights of the trapped air 
bubbles . 

Fig. 4 is a diagram illustrating the widthwise 
distribution of the average thickness of the air layer present 
between the cooling roll and the sheet. More specifically, 



Fig. 4 illustrates the distribution of the average air layer 
thickness T along the width of the sheet from lateral edges 
to a middle portion of the sheet. The widthwise distribution 
of an average air layer thickness according to the prior art 
falls within a range defined between a broken line and a 
one-dot-and-dash line. In the case of the prior art f the air 
layer has a smaller thickness and greater variations. On the 
other hand, the widthwise distribution of the average air 
layer thickness according to the present invention is 
indicated by a solid line. In Fig. 4, the maximum average 
air layer thickness in lateral edge regions of the sheet is 
indicated by Te f and the average air layer thickness in a 
middle region of the sheet is indicated by Tc . 

The position of Te is preferably located in a sheet 
edge region defined between a portion of the sheet held by 
tenter clips and the edge of the sheet and not subjected to 
the biaxial stretching. This is because it is necessary to 
impart a sufficient stretching stress resistance to the edge 
portion of the sheet held by the tenter clips to be virtually 
stretched only uniaxially and to properly form the middle 
portion of the sheet to be thereafter uniformly biaxially 
stretched for production of the stretched film product. 

In the present invention, it is most important to 
perform the cooling process with the average air layer 
thickness Te in the lateral edge regions of the sheet being 
greater than the average air layer thickness Tc in the middle 
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region of the sheet in order to ensure both the stable 
high-speed sheet feeding and the uniform stretching by 
controlling the crystallinity of the edge portions of the 
sheet and the crystallinity of the middle portion of the sheet 
to be biaxially stretched. 

Exemplary methods for the formation of the air layer 
to satisfy the relationship of the average air layer 
thicknesses of Te>Tc are such that: the air pressure in the 
air knife is varied along the width of the sheet for the air 
blowing; the air pressure is controlled by varying the 
direction (angle) of the air blow from the air knife along 
the width of the sheet so as to apply a lower air pressure 
to the edge portions of the sheet; the lateral edge portions 
of the sheet are pressed against the CR surface with the use 
of separately provided side air nozzles prior to the 
application of air by means of the air knife, and the width 
and pressure of the air blow are controlled so that the air 
present between the molten sheet and the CR is controllably 
expelled; and the surface roughness of the CR is varied in 
accordance with the air layer thickness distribution along 
the width of the sheet, but not limited thereto. 

Where the edge portions of the sheet are moderately 
pressed with the use of the side air nozzles, for example, 
it is advantageous that the equipment cost is the lowest and 
the air blow can be controlled during the sheet production, 
but it is technically disadvantageous that the average air 
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layer thickness Te becomes unstable if the air blow angle, 
height and press position of the nozzles are improper. 

In the present invention, the average thickness of the 
air layer is also important for controlling the cooling rate 
of the molten sheet to impart the sheet with a proper 
crystallinity . 

The air layer preferably has an average thickness T 
(jum) of 10 ^T^ 100, and a maximum thickness Tmax ( jum) of 
Tmax<150. If the average thickness of the air layer is 
smaller than 10jum f the resulting sheet has an excessively 
low crystallinity and, hence, suffers from elongation and 
width variations in the subsequent water absorption process. 
Further, the sheet is less stable with a higher dependence 
on the stretching temperature thereby to suffer from 
unpredictable thickness variations . If the air layer partly 
has a thickness of greater than 150/zm, the cooling rate of 
the molten sheet is remarkably reduced, so that spherulites 
grow in the polyamide resin to form higher-crystallinity 
spots in the sheet. Where the sheet having the higher- 
crystallinity spots is stretched, stretch spots are formed 
in the stretched film due to necking and, therefore, breakage 
of the sheet frequently occurs during the stretching process, 
resulting in difficulty in stable film production. 

In the present invention, the ratio (Te/Tc) of the 
average air layer thickness Te in the lateral edge regions 
of the sheet to the average air layer thickness Tc in the middle 
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region of the sheet is in the range of 1.1 to 2.5. If the 
ratio is out of the aforesaid range, the edges of the sheet 
are liable to slacken or tauten, making it impossible to feed 
the sheet at a high speed. 

Where the present invention is applied to flat sheet 
production in which the thickness of edge portions of a molten 
sheet is reduced by controlling a polymer flow at edges of 
a T-die as in a recent advanced T-die technique, the stable 
high-speed sheet feeding and the uniform stretching can be 
ensured . 

In the present invention, the CR surface may be 
roughened for the distribution of the trapped air. Thus, the 
air layer thickness is made uniform to properly form a 
multiplicity of points of contact between the sheet and the 
CR surface. With the multiplicity of points of contact 
between the CR surface and the molten sheet, transfer of the 
rough surface profile of the CR onto the sheet presents 
virtually no problem. The multiplicity of points of contact 
formed at random can ensure easy self-release of monomers 
deposited on the CR surface. 

The CR preferably has an average surface roughness 
along a center line SRa {{Am) of 0 . 2 ^SRa ^ 1 . 0 , and a maximum 
surface roughness SRmax (//m) of l^SRmax^4. If the surface 
roughness of the CR is excessively great, the trapped air is 
easily expelled. Therefore, a thin and uniform air layer is 
provided between the molten sheet and the CR by application 
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of a lower air pressure, and easy self-release of the monomers 
deposited on the CR surface is ensured. However, the rough 
surface profile of the CR is disadvantageously transferred 
onto the molten sheet. If the surface roughness of the CR 
is smaller, the distribution of the trapped air is difficult, 
making it impossible to provide a uniform-thickness air layer 
even by application of a high air pressure. 

The air pressure is preferably in the range of 3 to 
10 kPa. If the air pressure is lower than 3 kPa, it is 
impossible to provide a uniform and thin air layer. If the 
air pressure is higher than 10 kPa, the applied air flows back 
to the T-die to cool the T-die, and vibrates the molten sheet. 
This results in a sheet production failure. 

In the present invention, the CR is a rotary cooling 
roll constructed such that a coolant (cooling water) is 
circulated therein. The CR has a surface coating formed by 
hard chromium plating or ceramic spray coating. A ceramic 
spray-coated roll is more preferred because the monomers are 
less liable to deposit thereon. 

The temperature of the sheet to be removed from the 
CR surface may be changed as desired by controlling the 
temperature of the coolant circulating in the CR, the surface 
roughness of the CR and the average thickness of the air layer. 
The surface temperature of the CR is preferably in the range 
of 15 to 60 0 C. If the surface temperature of the CR is lower 
than 15 ° C, water is condensed on the CR surface, so that 
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adhesion spots are formed on the sheet due to a water film 
to cause a trouble in the sheet production. If the surface 
temperature is higher than 60° C, it is difficult to release 
the sheet from the CR surface. Therefore, the sheet is 
longitudinally elongated by a releasing stress to form spots 
due to thickness variations, resulting in deterioration of 
the planarity of the sheet. 

in the present invention, the circumferential speed 
of the CR is controlled so that the unstretched sheet can be 
fed into the stretching process section at a high speed, i.e. , 
at a speed not lower than 100 m/min, which cannot be realized 
in the prior art. 

Examples of the polyamide resin to be employed in the 
present invention include homopolymers such as nylon 6, nylon 
66, nylon 11 and nylon 12, and copolymers and blends thereof. 

The polyamide resin may contain known additives such 
as a stabilizing agent, an anti-oxidation agent, a filler, 
a lubricating agent, an anti-static agent, an anti-blocking 
agent, and a coloring agent. 

In the present invention, a simultaneous biaxial 
stretching method or a sequential biaxial stretching method 
can be employed for stretching the polyamide sheet. The 
biaxial stretching is preferably achieved with the use of a 
tenter driven by a linear motor. The tenter in which clips 
are individually driven by the linear motor is more preferable 
than solely mechanical tenters such as a pantograph-type 
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tenter and a screw-type tenter for speed-up of the stretching 
process. This is because the stretching should be performed 
at not lower than 3 00 m/min for continuous production in 
consideration of the traveling speed of the tenter determined 
by multiplying the circumferential speed of the CR by a 
longitudinal stretching factor ( X3.0) for a common polyamide 
resin in accordance with the present invention. 

In the present invention, the widthwise distribution 
of the average thickness of the air layer present between the 
CR surface and the molten sheet is controlled within the 
predetermined range in the air knife method, whereby the 
formation of the spots in the edge portions of the sheet is 
suppressed. Thus, an unstretched sheet can be provided which 
has a uniform and moderate crystallinity along the width of 
a portion thereof to be thereafter biaxially stretched. 

With the unstretched sheet having a crystallinity thus 
properly controlled along the width thereof, stable high- 
speed sheet feeding and stretching can be ensured in the 
subsequent process for producing a stretched polyamide film 
having uniform properties at a high speed with a high 
productivity. 

The present invention will hereinafter be described 
more specifically by way of examples thereof. 
EXAMPLES 

In the present invention, the following properties 
were determined in the following manner. 
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(1) Air layer thickness 

The air layer thickness was measured by means of a laser 
focus displacement meter available from Keyence Corporation. 

(2) CR surface roughness and sheet surface roughness 
The average surface roughness (SRa) along the center 

line and the maximum surface roughness (SRmax) were 
determined in conformity with JIS-B0601-1982 with a cut-off 
of 0.8 mm. For the determination of the surface roughness 
of the unstretched polyamide sheet, the measurement was 
performed on a CR-contact surface (R-surface) and a CR- 
noncontact surface (A-surface) of the sheet. 
(3) High-speed sheet feeding performance 

The high-speed sheet feeding performance was evaluated 
on the basis of a meandering offset of the unstretched sheet 
observed at an outlet of the water absorption process section. 
Excellent (O): Meandering offset S 20 mm/5 min 
Acceptable ( A ) : 

20 mm/5 min < Meandering offset < 100 mm/5 min 
Unacceptable (x): Meandering offset ^ 100 mm/5 min 
( 4 ) Stretchability 

The biaxial stretchability of the polyamide sheet was 
evaluated on the basis of the number of times of breakage of 
the sheet. 

Excellent (O): Breakage ^ Once/24 hours 
Acceptable ( A) : 

Twice/24 hours < Breakage < 9 times/24 hours 



Unacceptable (x): Breakage ^ 10 times/24 hours 
Example 1 

A 63 0-mm wide T-die was attached to an extruder having 
a cylinder diameter of 175 mm, and nylon 6 (A1030BRF available 
from Unitika Ltd.) was melt and extruded into a sheet form 
at an extrusion temperature of 260 ° C. The molten sheet was 
pressed against a CR having a hard chromium plated surface 
having an average surface roughness SRa of 0.6//m, a maximum 
surface roughness SRmax of 2 . 5 jUm and a diameter of 1200 mm 
and rotating at a circumferential speed of 80 m/min by an air 
knife method for production of a lSO-^dm thick unstretched 
polyamide sheet. 

An air knife apparatus having a lip gap of 1 mm, a width 
of 600 mm and an air pressure of 4 kPa was employed for the 
air knife method, and the surface temperature of the CR was 
kept at 20° C. The widthwise distribution of the average air 
layer thickness was controlled with the use of side air 
nozzles so that an air layer having a thickness Tc of 20 
JUm and a thickness Te of 2 5/im was formed between the sheet 
and the CR. The maximum air layer thickness Tmax was 35 
jum. 

The sheet was immersed in a 60 ° C water in a hot water 
bath for one minute, and then stretched longitudinally by 3 . 0 
times and transversely by 3.3 times at a stretching 
temperature of 175 ° C by a tenter-type simultaneous biaxial 
stretching apparatus. Subsequently, the sheet was subjected 



to a heat treatment at 210 ° C with a relax ratio of 5%. Thus, 
a biaxially stretched polyamide film having a thickness of 
15 jam was produced. 

As shown in Table 1, the high-speed sheet feeding 
performance was excellent with no trouble in feeding the 
unstretched polyamide sheet. Further, the sheet had an 
excellent stretchability . 

The rough surface profile of the CR was not transferred 
to the R-surface of the sheet, and the CR-noncontact surface 
(A-surface) of the sheet had the same roughness level. No 
monomer was deposited on the surface of the CR. 



Table 1 
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Example 
2 


Example 
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Comparative 
Example 1 


Air layer thickness (jum) 


Te 


25 


40 


20 


15 


Tc 


20 


30 


15 


20 


Tmax 


35 


45 


25 


35 


Te/Tc 


1.25 


1.33 


1 .33 


0.75 


Surface roughness SRmax (#m) of unstretched sheet 


R-surf ace 


0.3 


0.3 


0.4 


0.3 


A-surface 


0.3 


0.3 


0.3 


0.3 


Monomer deposition 
on casting roll 


No 


No 


No 


No 


High-speed feeding 


O 


O 


o 


X 


Stretchability 


O 


o 


o 


A 



Example 2 

A biaxially stretched polyamide film was produced in 
substantially the same manner as in Example 1, except that 
the extrusion rate of the polyamide resin was increased, the 
sheet production rate was 120 m/min, the air knife pressure 
was 8 kPa, and the average air layer thicknesses Tc and Te 
were adjusted to 30jum and 40/Zm, respectively, by adjusting 
the press positions of the side air nozzles. The results of 
the evaluation performed in the same manner as in Example 1 
are shown in Table 1. The high-speed sheet feeding 
performance and the stretchability were excellent. 
Example 3 
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A biaxially stretched polyamide film having a 
thickness of 25//m was produced in substantially the same 
manner as in Example 1, except that the resin extrusion rate 
was increased and the sheet production rate was 55 m/min. The 
results of the evaluation performed in the same manner as in 
Example 1 are shown in Table 1 . 
Comparative Example 1 

A stretched polyamide film was produced in 
substantially the same manner as in Example 1, except that 
the average air layer thickness Te was 15/zm (Tc was 2 0// 
m). 

As shown in Table 1, an unstretched polyamide sheet 
produced in Comparative Example 1 suffered from width 
variations and wrinkling in the water absorption process, so 
that the high-speed sheet feeding was impossible. In 
addition, the stretchability was unacceptable with frequent 
breakage of the sheet during the stretching process. 

Thus, the present invention provides the method for 
industrially stably producing a stretched polyamide film 
having uniform properties at a high speed. 
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